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RQHRIWKHPRVWXQVDIHWUDQVSRUWPRGH,QIDFWPDQ\YHKLFOHVRQWKHVDPHWUDIILFODQHRURQDGMDFHQWODQHVLQWHUDFW
DPRQJ WKHP WKHLU WUDMHFWRULHV FDQ FURVV DQG DFFLGHQWV RFFXU0RUHRYHU LQ VRPH FDVHV H[FHVVLYH VSHHG RU RWKHU
GULYLQJ IDFWRUV DOVR FDXVH VLQJOHFDU DFFLGHQWV ,Q XUEDQ DQGPHWURSROLWDQ DUHDV FDU DFFLGHQWV DUH YHU\ FRPPRQ
RIWHQZLWKVHULRXVFRQVHTXHQFHVQRWRQO\IRUFDURFFXSDQWVEXWDOVRIRUSHGHVWULDQVZKLFKFRXOGUHPDLQLQYROYHGLQ
WKHDFFLGHQW
,Q WKLV OLJKW LQWHOOLJHQW YHKLFOHV VKRXOG DYRLG VXFK VLWXDWLRQV E\ZDUQLQJ GULYHUVZLWK OLJKWV DQG VLJQDOV ± RU
GLUHFWO\ WDNLQJRYHU FDU FRQWURO LQ WKHPRVW DGYDQFHGSURWRW\SHV ±ZKHQKD]DUGRXV VLWXDWLRQVRFFXU 3DUWLFXODUO\
FRPPXQLFDWLRQVDPRQJYHKLFOHVRUEHWZHHQDYHKLFOHDQGDVHQVRUDORQJWKHURDGZRXOGDOORZQRWRQO\HQKDQFLQJ
VDIHW\EXWDOVRUHGXFLQJWUDIILFFRQJHVWLRQ
7KHXVHRIVHQVRUVWHFKQRORJLFDOGHYLFHVDQGDUWLILFLDOLQWHOOLJHQFHUHVXOWVDUHEHFRPLQJPRUHDQGPRUHFRPPRQ
LQ WKH WUDQVSRUW V\VWHP PDLQO\ IRU LPSOHPHQWLQJ ,QWHOOLJHQW 7UDQVSRUWDWLRQ 6\VWHP ,76 VROXWLRQV DGGUHVVHG WR
LPSURYHVDIHW\DQGUHGXFHERWKFRQJHVWLRQDQGHQYLURQPHQWDOLPSDFWV$JHQWEDVHGPHWKRGVDQGVHQVRUVRQURDGV
KDYHEHHQPRGHOOHGWRPRQLWRUWUDIILFFRQGLWLRQV3RVWRULQR	6DUQpZKLOHPDSPDWFKLQJDOJRULWKPVKDYH
EHHQ XVHG WR LGHQWLI\ WKH URDG VHJPHQW ZKHUH WKH YHKLFOH LV WUDYHOOLQJ DV ZHOO DV WKH YHKLFOH ORFDWLRQ 4XGGXV
2FKLHQJ 	 1RODQG  ILQDOO\ IX]]\ WHFKQLTXHV KDYH EHHQ H[SORUHG IRU GHPDQGUHVSRQVLYH WUDIILF OLJKWV
3RVWRULQR	9HUVDFL
6DIHW\ DVSHFWV DVZHOO DV EXVLQHVV RSSRUWXQLWLHVPDNH LQWHOOLJHQW YHKLFOHV RQHRI WKHPRVW DWWUDFWLYH UHVHDUFK
ILHOGVIRUFDULQGXVWULHV$VDQH[DPSOH)RUGDORQJVLGHWKH$PHULFDQ'HSDUWPHQWRI7UDQVSRUWDWLRQKDVRUJDQL]HG
D FRQVRUWLXP FDOOHG &UDVK $YRLGDQFH 0HWULFV 3DUWQHUVKLS &$03 WR GHYHORS LQWHOOLJHQW YHKLFOH UHVHDUFKHV
DGGUHVVHG WR JXDUDQWHH VDIHW\ HQKDQFH GULYLQJ H[SHULHQFH DQG UHGXFH WUDIILF FRQJHVWLRQ )RUG FRUSRUDWH 
6LPLODUO\ WKH SURMHFW ³$GDSW,9H´ IXQGHG E\ WKH (XURSHDQ &RPPLVVLRQ DQG FRRUGLQDWHG E\9RONVZDJHQ*URXS
5HVHDUFKZLOOGHYHORSDQGWHVWFDUWHFKQRORJLHVWRDFKLHYHDQLGHDOFRRSHUDWLYHLQWHUDFWLRQEHWZHHQGULYHUVDQGWKH
LQYHKLFOHDXWRPDWHGV\VWHPV9RONVZDJHQ
&XUUHQWO\ IRXU W\SHVRI DXWRPDWLRQFDQEH LGHQWLILHGPDLQO\ WHVWHG LQKLJKZD\V DVVLVWHGGULYLQJSDUWO\
DXWRPDWHGKLJKO\DXWRPDWHGIXOO\DXWRPDWHG,QWKHILUVWWZRFDVHVGULYHUVDUHDVVLVWHGE\DXWRPDWHGGHYLFHV
WRDFHUWDLQH[WHQWEXWWKH\KDYHFDQWDNHFRQWURODWDQ\WLPH6RPHYHKLFOHVDUHDOUHDG\DYDLODEOHRQWKHPDUNHWIRU
H[DPSOHWKHQHZ9ROYR;&,QWKHWZRRWKHUFDVHVWKHDXWRPDWHGV\VWHPWDNHVFRQWURODQGWDNHRYHUUHTXHVWVDUH
VDWLVILHGZLWKLQVRPHERXQGDULHV
:KDWHYHU WKH V\VWHP WKH DQDO\VLV RI GULYHU¶V FKDUDFWHULVWLFV DQG UHDFWLRQV LQ D WUDIILF VWUHDP ZKLFK OHDG WR
YHKLFOHWUDMHFWRULHVLVRQHRIWKHNH\IDFWRUVWRLPSOHPHQWDXWRPDWHGGHYLFHVKHOSLQJLQFUHDVLQJVDIHW\DQGUHGXFLQJ
WUDIILFFRQJHVWLRQ$VIRUWUDMHFWRULHVLQUHFHQW\HDUVPDQ\YHKLFOHVDUHHTXLSSHGZLWK*36WRIROORZSDWKVDQGILQG
ORFDOLWLHV .UXPP  %DUULOH 	 %LORWWD  9HKLFOHV VXFK DV WD[LV ORUU\ DQG VKDUHG FDUV LQ FDU VKDULQJ
V\VWHPVRIWHQXVH*36VHQVRUVWRUHSRUWWKHLUORFDWLRQWRDGDWDFHQWHUDWSUHIL[HGWLPHLQWHUYDOV6XFKGDWDDOORZ
WUDFNLQJVSDWLDOWUDMHFWRULHVWKDWFDQEHXVHGIRUVHFXULW\PDQDJHPHQWUHVRXUFHDOORFDWLRQDQGWUDIILFDQDO\VLV
7KHSUREOHPRIWUDFLQJWUDMHFWRULHVZKHQGLVWDQFHEHWZHHQWZRQHLJKERULQJGHWHFWHGSRLQWVLQFUHDVHV±LHIRU
ORZVDPSOLQJUDWH*36WUDMHFWRULHV±KDVEHHQGLVFXVVHGE\/RX=KDQJ=KHQJ;LH:DQJ	+XDQJZKLFK
SURSRVH WKH670DWFKLQJDOJRULWKPDQG4XGGXV	:DVKLQJWRQ ZKLFKSURSRVH WKH VW00DOJRULWKPZLWK
WZRDGGLWLRQDOZHLJKWVIRUWKHVKRUWHVWSDWKDQGYHKLFOHWUDMHFWRU\&LVFDO7HUU\'HOO
$PLFR6HOLQL+DGMLGLPLWULRX
	,RULDXVH*36WULSVWRUHFUHDWHEHKDYLRXUDOSDWWHUQVRIWUDYHOVE\FRPSDULQJREVHUYHGGULYHUV¶EHKDYLRXU
ZLWKDVHWRIVXLWDEOHFULWHULD2WKHUWKDQRQURDGV3RVWRULQR%DUULOH	&RWURQHRGLVFXVVWKHFRPELQHGXVHRI
*36 DQG*,6 WR LGHQWLI\ RQ JURXQG DLUFUDIW WUDMHFWRULHV DV EDVLV IRU DLUSRUW JURXQGFRQWURO V\VWHPVZKLOH 6RQJ
;LDQ =KDQJ -LDQJ 	 =KDQJ  SUHVHQW DQ LPSURYHG ORFDOL]DWLRQ DOJRULWKP EDVHG RQ ODVHU UDQJH ILQGHU WR
RYHUFRPH SUREOHPV GXH WR ZHDNQHVV RU XQDYDLODELOLW\ RI *36 VLJQDOV IRU TXDGURWRU XQPDQQHG DHULDO YHKLFOHV
)LQDOO\%DUULOH$UPRFLGD	'L&DSXDDSSO\DFRPELQHG*,6PRGHOIRUJHQHUDWLQJDIIRUGDEOHPDSV
7KHJRDORIWKLVSDSHULVWRUHSURGXFHYHKLFOHWUDMHFWRULHVE\XVLQJ*36GDWDE\VWDUWLQJIURPDFRPPXQLFDWLRQ
V\VWHP EHWZHHQ WKH YHKLFOH DQG WKH GDWD SURFHVVLQJ FHQWHU 3DUWLFXODUO\ D FRPSDULVRQ EHWZHHQ WKH (XURSHDQ
*HRVWDWLRQDU\ 1DYLJDWLRQ 2YHUOD\ 6HUYLFH (*126 DQG WKH 5HDO 7LPH .LQHPDWLF 57. PHWKRG KDYH EHHQ
UHDOL]HGWRYHULI\WKHLUUHVSHFWLYHSHUIRUPDQFHVDQGDVXLWDEOH*HRJUDSKLFDO,QIRUPDWLRQ6\VWHP*,6IXQFWLRQKDV
EHHQXVHG WRGHSLFWGHWHFWHGSRLQWV6WDUWLQJ IURP LGHQWLILHGSRLQWV WKHYHKLFOH WUDMHFWRULHV FDQEH UHSURGXFHG7KH
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*36WUDFNUHFRUGLQJIXQFWLRQKDVEHHQXVHGZKLFKDOORZVZD\SRLQWV±LHVHWVRIFRRUGLQDWHVWKDWLGHQWLI\DSRLQW
LQSK\VLFDOVSDFH±WREHPHPRUL]HGDWDJLYHQWLPHIUHTXHQF\RUVSDFHGLVWDQFH3DUWLFXODUO\WKHWUDFNORJGLVWDQFH
PHDVXUHKDVEHHQXVHGEHFDXVHRILWVSURSHUWLHV7KLVPHWKRGWRJHWKHUZLWKRWKHUWHFKQLTXHVFDQEHXVHGWRSURYLGH
XVHIXO LQIRUPDWLRQ WR LPSOHPHQW LQYHKLFOH DXWRPDWHG GHYLFHV WR ZDUQFRQWURO GULYHUV ZKHQ H[WHUQDO FRQGLWLRQV
UHTXLUH±HJGXULQJRYHUWDNLQJFRQGLWLRQVXQH[SHFWHGREVWDFOHVLQWHUDFWLRQZLWKRWKHUYHKLFOHV±DQGDWWKHHQG
WRLPSURYHWUDIILFFRQGLWLRQVDQGURDGVDIHW\LQXUEDQDQGPHWURSROLWDQDUHDV
7KHLPSOHPHQWHGDUFKLWHFWXUH
7KHRSHUDWLRQDO VFKHPD LQ)LJ VKRZV WKHXVHGDUFKLWHFWXUH7KHYHKLFOH VHQGVGDWDRQERWK LWVSRVLWLRQDQG
LQVWDQWDQHRXVVSHHGWRDKRVWZKLFKPDQDJHVDVSDFHGDWDEDVHUHSUHVHQWDWLYHRIWKHDQDO\]HGURDGQHWZRUN7KHKRVW
SURFHVVHVWKHLQIRUPDWLRQDQGWUDFNVYHKLFOHVRQURDGOLQNVE\UHODWLQJYHKLFOHORFDWLRQLQIRUPDWLRQWRWKHJUDSKRI
WKHURDGQHWZRUN7KHVHQVRUVXVHGWRORFDWHYHKLFOHVDUHFKDUDFWHUL]HGE\PHDVXUHHUURUVZKLFKDGGGXULQJWKHSDWK
DQGUHGXFHVLJQLILFDQWO\WKHHVWLPDWHDFFXUDF\7RRYHUFRPHWKLVSUREOHPWKHPDSPDWFKLQJWHFKQLTXHLVDGRSWHG
ZKLFKXVHVGLJLWDOPDSVWRLPSURYHDQGFRUUHFWVHQVRUORFDWLRQPHDVXUHV$PDSPDWFKLQJDOJRULWKPDVVRFLDWHVWKH
SRVLWLRQLGHQWLILHGE\WKHVHQVRUVWRWKHURDGQHWZRUNFRRUGLQDWHVE\FRPSDULQJWKHYHKLFOHWUDMHFWRU\ZLWKWKHSDWKV
DYDLODEOHRQWKHGLJLWDOPDS

)LJ2SHUDWLRQDOVFKHPDRIWKHLPSOHPHQWHGDUFKLWHFWXUH
7KH WHFKQRORJLFDO FRPSRQHQWVRI WKH V\VWHPDUHDGHYLFH WRGHWHFWSRVLWLRQ *36 D WUDQVPLVVLRQGHYLFH FHOO
SKRQH DQG D GDWD SURFHVVLQJ FHQWUH ZKLFK FRPPXQLFDWHV ZLWK H[WHUQDO HQYLURQPHQWV DQG LQFOXGHV D *,6
FRPSRQHQW
7KHJRDORIREWDLQLQJKLJKSUHFLVLRQHVWLPDWHVRIPRYLQJYHKLFOHVDQGERWKWKHLUVSHHGVDQGWUDMHFWRULHVZLWKLQD
NQRZQJHRGHWLFGDWXPFDQEHDFKLHYHGE\XVLQJSKDVH*36GDWDDQGGLIIHUHQWLDOLQWHUIHUHQWLDO*36 WHFKQLTXHV±
ZKHUH WKH UHIHUHQFH UHFHLYHU PDVWHU LV ORFDWHG ZLWKLQ D VWDWLRQ ZKRVH FRRUGLQDWHV DUH NQRZQ LQ D JHRFHQWULF
UHIHUHQFHV\VWHP7RREWDLQWKHYHKLFOHORFDWLRQWZRGLIIHUHQWPHWKRGVFDQEHXVHG(*126DQG57.7KH(*126
V\VWHP &KHQ 7RUDQ0DUWL	 9HQWXUD7UDYHVHW LV ZLGHO\ XVHG EHFDXVH LW SURYLGHV WKH ORFDWLRQ
GDWDLPPHGLDWHO\2QWKHFRQWUDU\WKH57.PHWKRG$O6KDHU\=KDQJ	5L]RVSURFHVVHVGDWDLQUHDOWLPHWR
FRPSXWHWKHREMHFWSRVLWLRQ,WLVPRUHSUHFLVHWKDQ(*126EXWUHTXLUHVPRUHFRPSXWDWLRQDOHIIRUWV:KLOHWKHXVH
RI (*126 GHSHQGV RQ DYDLODEOH FRPPHUFLDO GHYLFHV WKH 57. PHWKRG UHTXLUHV DGKRF VRIWZDUH DUFKLWHFWXUHV
+HUH WKH DFFXUDF\ RI 57.LV FRPSDUHG ZLWK WKH VLPSOLFLW\ DQG VSHHG RI (*126 WR YHULI\SRWHQWLDO IXWXUH
DSSOLFDWLRQHJRYHUWDNLQJPDQRHXYUHVZKHUHFRPSXWLQJVSHHGFRXOGEHPRUHUHOHYDQWWKDQSUHFLVLRQ
)URPWKH¶VWKH57.QHWZRUNWHFKQLTXHKDVEHHQLQWURGXFHGDVDOWHUQDWLYHWRWKHVLQJOHEDVH57.WHFKQLTXH
7KH57.QHWZRUNDOORZVREWDLQLQJUHDOWLPHSRVLWLRQLQJZLWKFHQWLPHWUHSUHFLVLRQDQGIRUJUHDWGLVWDQFHV±
NP EHWZHHQ WKH PDVWHU UHFHLYHU DQG WKH PRYLQJ REMHFW URYHU7KH *36 WUDFNUHFRUGLQJ IXQFWLRQ ± ZKLFK LV D
VWDQGDUGIXQFWLRQLQ*36GHYLFHVVWRULQJFRRUGLQDWHLQIRUPDWLRQ±KDVEHHQXVHG&KX:X<X	3DUNJLYHQ
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LWV SURSHUW\ WR UHFRUGZD\SRLQWVZLWK D IUHTXHQF\ WKDW LV D IXQFWLRQ RI WLPH HDFK t VHFRQGV RU GLVWDQFH HDFK x
PHWHUV3DUWLFXODUO\WKHWUDFNORJGLVWDQFHIXQFWLRQKDVVRPHGHVLUDEOHSURSHUWLHV
x $OOWKHZD\SRLQWVKDYHWKHVDPHZHLJKWEHFDXVHWKH\FRUUHVSRQGWRHTXDOOHQJWKVHJPHQW
x $OOWKHURDGVHFWLRQVZKRVHOHQJWKLVJUHDWHUWKDQWKHDOLJQPHQWGLVWDQFHZLOOEHDVVRFLDWHWRDWOHDVWRQH
PHDVXUH
x (DFKURDGVHJPHQWFDQEHDVVRFLDWHGWRVHYHUDOPHDVXUHVE\VXLWDEO\DGMXVWLQJWKHDOLJQPHQWGLVWDQFH
7KHWUDFNORJIXQFWLRQSURGXFHVDVHTXHQFHRIZD\SRLQWVWKDWDUHLQVSHFLILFSRVLWLRQVDQGGHSHQGRQVSHHG'DWD
FROOHFWHGZLWK D*36 UHFHLYHU SDUWLFXODUO\ E\PRYLQJ YHKLFOHV DQG QHDU WR EXLOGLQJVZLOO FRQWDLQ VRPH ORFDWLRQ
HUURUV7RREWDLQJRRGPHDVXUHVDVSDWLDOUHJXODWLRQQHHGVZKHUHURDGD[HVDQGPHDVXUHSRVLWLRQVFRUUHVSRQG(DFK
GHWHFWHGSRVLWLRQDOVRQDPHG³SRLQW´LQWKHIROORZLQJLVWKHQDVVLJQHGWRDFRUUHVSRQGHQWURDGVHFWLRQEDVHGRQLWV
VSDWLDOSRVLWLRQLQRUGHUWRREWDLQILJXUHVDVVRFLDWHGWRHDFKURDGVHFWLRQ
7KHH[SHULPHQW
7KHDUFKLWHFWXUHEULHIO\ LQWURGXFHG LQ WKHSUHYLRXV VHFWLRQKDVEHHQDSSOLHG WRD WHVW FDVH7KHHVWLPDWHRI WKH
SUHFLVLRQFRQFHUQLQJPHDVXUHDQGORFDWLRQ±SXQFWXDOO\DQGLQUHDOWLPH±KDVEHHQUHDOL]HGE\XVLQJD57.*36
VXLWDEO\ LPSOHPHQWHG WRHVWLPDWH WKHSHUFHQWDJHRISRLQWV UHORFDWHG WKDWGHYLDWHV IURP WKH URDGVLGHE\DNQRZQ
TXDQWLW\)XUWKHUPRUHWRGHWHFWDQGUHGXFHWKHHIIHFWRIHUURUVRUXQVWDEOHWUDIILFIORZFRQGLWLRQVVRPHILOWHUVKDYH
EHHQDGRSWHG
x $OOWKHPHDVXUHVZKRVHVSHHGYDOXHVDUHXQGHUDSUHIL[HGWKUHVKROGKDYHWREHUHPRYHG
x $OOWKHPHDVXUHVUHDOL]HGDWOHVVWKDQPHWHUVIURPDFURVVURDGKDYHWREHUHPRYHG
x $OO WKHPHDVXUHVZLWKDQDEVROXWHYDOXHRIDFFHOHUDWLRQJUHDWHU WKDQPVSUREDEO\FDXVHGE\ ORFDWLRQ
HUURUVRUXQVWDEOHWUDIILFFRQGLWLRQVKDYHWREHUHPRYHG
x $OO WKH VSHHGPHDVXUHVZKRVH GLIIHUHQFH IURP WKH DYHUDJHYDOXH LQ WKH URDG VHFWLRQ LV JUHDWHU WKDQ WKH
W\SLFDO GHYLDWLRQ KDYH WR EH UHPRYHG 7KLV DOORZV HOLPLQDWLQJ WKH PHDVXUHV FRUUHVSRQGLQJ WR VSHHG
UHGXFWLRQFDXVHGE\ERWWOHQHFNVWUDIILFOLJKWVLQFRQJHVWHGWUDIILFFRQGLWLRQVSHGHVWULDQFURVVLQJVFXUYHV
x $OOWKHURDGVHFWLRQVZKHUHW\SLFDOGHYLDWLRQVDUHJUHDWHUWKDQ.PKKDVWREHDQDO\]HGFDUHIXOO\6XFK
URDGVKDYHWREHVSOLWLQVPDOOHUVHJPHQWVLQRUGHUWRHYDOXDWHWKHVSHHGVSDWLDOGLVWULEXWLRQPRUHLQGHWDLOV
$OWHUQDWLYHO\ WKH FRUUHFWLRQ FDQ EH PDGH E\ XVLQJ WKH UHVXOWV REWDLQHG IRU DGMDFHQW VHFWLRQV %\ XVLQJ VXFK
FULWHULDDQRPDORXVGDWDDVVRFLDWHGWRLQWHUUXSWLRQRIIUHHIORZWUDIILFFRQGLWLRQV±VXFKDVVWRSSLQJDWWUDIILFOLJKWV
IRUSHGHVWULDQFURVVLQJVIRUFURVVURDGVERWWOHQHFNV±FDQEHH[FOXGHGIURPWKHDQDO\VLV7KHQRQO\XVXDOGHYLDWLRQV
IURPH[SHFWHGDYHUDJHWUDIILFFRQGLWLRQVIRUHDFKURDGVHFWLRQVKDYHEHHQNHSW)XUWKHUPRUHZKHQVXFKILOWHUVKDYH
EHHQDSSOLHGWKHVSHHGYDOXHVKDYHDOHVVGLVSHUVLRQDQGWKHQGDWDVKRXOGEHPRUHVXLWDEOHWKXVDYRLGLQJSRVLWLRQLQJ
HUURUVE\WKH*36UHFHLYHU
)LJXUHDVKRZVWKHPDSPDWFKLQJREWDLQHGE\XVLQJ(*126ULJKWVLGHDQG57.OHIWVLGHIRUDWHVWYHKLFOH
PRYLQJ DORQJ WKH URDG QHWZRUN RI WKH FLW\ RI 5HJJLR &DODEULD 6RXWKHUQ ,WDO\ $V WKH SLFWXUH VKRZV DQG DV
H[SHFWHG57.SURYLGHVSRLQWVFORVHUWRWKHUHDOLGHDOWUDMHFWRU\IROORZHGE\WKHWHVWYHKLFOHHJULJKWOLQHLQWKH
PLGGOH RI WKH ODQH)XUWKHUPRUHGDWD KDYHEHHQGHSLFWHGE\XVLQJ D*,6 IXQFWLRQZKLFK ORFDOL]HVSRLQWVZKRVH
GLVWDQFHIURPWKHLGHDOWUDMHFWRU\ODQHFHQWUHOLQHLVJUHDWHUWKDQDSUHIL[HGWKUHVKROGYDOXH)LJXUHEVKRZVWKH
UHVXOWVREWDLQHGZLWKERWK(*126RQWKHULJKWVLGHDQG57.RQWKHOHIWVLGH$VLWFDQEHVHHQ57.SURYLGHV
EHWWHUUHVXOWVWKDQ(*126DOWKRXJKDWDPDMRUFRPSXWDWLRQDOHIIRUW




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:L)L
x $GYDQWDJHV ORZ FRVWV YHU\ ORZ ODWHQF\ ± UHDOO\ LPSRUWDQW IRU UHDOWLPH DSSOLFDWLRQV VLPSOLFLW\ RI
LPSOHPHQWDWLRQ HJ DG KRF:L)L GLUHFW QHWZKHUH WKH VWDWLRQV FRPPXQLFDWH DPRQJ WKHP DW WKH VDPH
OHYHORILPSRUWDQFHZLWKRXWQHHGLQJDQDFFHVVSRLQW
x 'LVDGYDQWDJHVOLPLWVRIWKHFKDQQHOUREXVWQHVVHJGLVWDQFHEHWZHHQYHKLFOHVVKRXOGQRWH[FHHGDJLYHQ
WKUHVKROG ± JHQHUDOO\ QR PRUH WKDQ  PHWHUV LQ JRRG ZHDWKHU FRQGLWLRQV ZLWK D FOHDU OLQH RI VLJKW
EHWZHHQ DQWHQQDV ± DQG DEVHQFH RI REVWDFOHV EHWZHHQ WKHP TXDOLW\ RI WKH VLJQDO LQIOXHQFHG E\
SDUDPHWHUVVXFKDV WKH W\SHRIDGRSWHGDQWHQQDDQGSRWHQWLDO LQWHUIHUHQFHV LPSRVVLELOLW\RI UHPRWHGDWD
SURFHVVLQJVWDWLRQDVWKHQHWLVORFDO

DE

)LJD3RLQWVUHSURGXFHGE\(*126RQWKHULJKWDQG57.RQWKHOHIWE3RVLWLRQLQJHUURUVGHSLFWHGE\XVLQJDVXLWDEOH*,6IXQFWLRQ
0RELOHSKRQHQHW
x $GYDQWDJHVFRPSOHWHLQGHSHQGHQFHDPRQJVWDWLRQVYHKLFOHVHDFKGHYLFHKDVLWVRZQLQGHSHQGHQWFHOOXODU
QHWZRUN QRGH JUHDW SRWHQWLDO UHOLDELOLW\ WKHUH LV QR QHHG WR PDLQWDLQ D PLQLPXP GLVWDQFH EHWZHHQ
YHKLFOHVUHPRWHGDWDSURFHVVLQJFDSDELOLW\ZKLFKPDNHVYHKLFOHVVLPSOH³FOLHQWV´ZKRVHRQO\UROHLVWR
SURYLGHGDWD
x 'LVDGYDQWDJHVKLJKHUFRVWVEHFDXVHHDFKGHYLFHKDVWREHHTXLSSHGZLWKDPRELOHQHWZRUNPRGXOXVDQGD
6,0 FDUG ZLWK D VSHFLILF GDWD SODQ RU D SKRQH FRQWUDFW GHSHQGLQJ RQ WKH QDWXUH RI GDWD WR EH VHQW
VLJQLILFDQWO\KLJKHUODWHQFLHVGLIIHUHQFHLVDWOHDVWWKUHHWLPHVKLJKHUHJVRPHPLOOLVHFRQGVIRU:L)LDQG
VHYHUDOIRUPRELOHQHWZRUN

)URPDSUDFWLFDOSRLQWRIYLHZWKHUHDUHVHYHUDOSRVVLELOLWLHVGHSHQGLQJRQWKHFKRLFHRISURFHVVLQJGDWDLQUHDO
WLPHRURIIOLQHDVZHOODVORFDORUUHPRWHSURFHVVLQJ$JDLQHDFKVROXWLRQKDVDGYDQWDJHVDQGGLVDGYDQWDJHVGXHWR
WKHKDUGZDUHVRIWZDUHVHWDQGWKHUHODWHGFRVWV+RZHYHUUHDO WLPHSURFHVVLQJLVPRUHDWWUDFWLYHWR LPSOHPHQW LQ
YHKLFOH DXWRPDWHGGHYLFHV%\XVLQJ FRPPRQO\ DYDLODEOHKDUGZDUH VXFKDV3& ODSWRS*36DQWHQQDVZLWK VHULDO
FRQQHFWLYLW\%OXHWRRWKRU86%DQGH[WHUQDOGLSRODU:L)LDQWHQQDVFRPSOHWHO\UHPRWHGDWDSURFHVVLQJUHDOWLPH
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FDQ EH DGRSWHG 7KLV LV WKHPRVW FRPSOHWH DQG RSHUDWLRQDO VROXWLRQ EXWPRUH H[SHQVLYH DQG FRPSOH[ WR UHDOL]H
EHFDXVHHDFKYHKLFOHVVKRXOGEHHTXLSSHGZLWKD3&ODSWRS
&RQFOXVLRQV
5HSURGXFLQJ WUDMHFWRULHV LV DQ LPSRUWDQW VWDUWLQJ SRLQW WR LPSOHPHQW RQERDUG YHKLFOH GHYLFHV DGGUHVVHG WR
LPSURYH VDIHW\ DQG UHGXFH FRQJHVWLRQZLWK LWV UHODWHG HQYLURQPHQWDO LPSDFWV $XWRPDWLFDXWRQRPRXV FDUV FRXOG
EHQHILW IURP GHYLFHV DEOH WR UHGXFH WKH ULVN DVVRFLDWHG WR RYHUWDNLQJ PDQRHXYUHV 3DUWLFXODUO\ WKH WUDMHFWRULHV
IROORZHGE\GULYHUVGXULQJVXFKPDQRHXYUHVDVZHOODVWKHVSHHGFKDQJHVFDQEHGHWHFWHGE\DWUDIILFPDQDJHPHQW
FHQWUHLQRUGHUWRPRQLWRUWUDIILFFRQGLWLRQV7KHJRRGSHUIRUPDQFHVRI57.PHWKRGVFRPELQHGZLWKWKHXVHRI*,6
IXQFWLRQV RSHQ SURPLVLQJ VFHQDULRV IRU PRQLWRULQJ IORZ FRQGLWLRQV RQ XUEDQ URDGV DQG WKHQ DGRSWLQJ HIILFLHQW
VROXWLRQVWRUHGXFHWUDIILFQHJDWLYHLPSDFWV$OWKRXJKWKLV57.VROXWLRQLVPRUHH[SHQVLYHDQGFRPSOH[WRUHDOL]H
WKDQWKHVLPSOHU(*126ZKRVHPDLQDGYDQWDJHLVOLQNHGWRWKHFRPSXWLQJVSHHGKRZHYHUWKHDFKLHYHGDFFXUDF\
PDNHV 57. VROXWLRQV PRUH LQWHUHVWLQJ IRU LQYHKLFOH DXWRPDWHG GHYLFHV SDUWLFXODUO\ ZKHQ LPSURYHPHQWV DUH
H[SHFWHGLQVDIHW\DQGHQYLURQPHQWDOLPSDFWUHGXFWLRQ
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